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(57) Abstract 



An infrared attenuation measuring system for the quantitative determination of the concentration of one or more compo- 
nents in an aqueous fat-containing sample, such as milk, by_an infrared attenuation technique, the system comprising infrared at- 
tenuation measuring means for measuring the infrared, attenuation, of the sample in a number of wavebands and calculating 
means which are adapted to calculate the concentrations of the components of the fat-containing sample from the measured in- 
frared attenuation values of the sample using a set of waveband-related parameters, the parameter set containing information en- 
abling the calculating means to ensure that the calculated concentrations are substantially independent on the degree of homog- 
enization of the fat-containing sample, and/or to determine the degree of homogenization (or the mean diameter of the fat 
globules) of the sample. 
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AN INFRARED ATTENUATION MEASURING SYSTEM 

The present invention relates to an infrared attenuation 
measuring system for the quantitative determination of the 
concentration of one or more components in an aqueous fat- 
5 containing sample by an infrared attenuation technique. 

It is known to determine the fat content in fat-containing 
samples, in particular milk samples, by infrared attenua- 
tion techniques. In the present context, the term "infrared 
attenuation technique" is intended to designate a measuring 
10 technique where light in the infrared range is transmitted 
to a sample, and the attenuation of the infrared light 
(which may be due to light scattering or energy absorption) 
caused by the sample is measured. 

Systems, or instruments , for the measurement comprise 
15 infrared attenuation measuring means for measuring the 

infrared attenuation of the sample in a number of wavebands 
and calculating means which are adapted to calculate the 
concentrations of the components of the fat-containing 
sample based on the measured infrared attenuation values of 
20 the sample. The calculation is performed using a set of 
waveband-related parameters which have normally been es- 
tablished by a factory calibration of the system or instru- 
ment . 

One problem associated with such infrared measurement on, 
25 e.g., milk samples, is that the calculated results (often 
called predicted results, because the "real" analysis 
results are results obtained using the standard chemical 
reference methods) vary with varying fat globule size 
distribution in the samples* All the known instruments or 
30 systems used for the measurements are adapted to measure, 
in their cuvettes, on homogenized samples and contain 
built-in homogenizers which are supposed to ensure that the 
various milk samples subjected to measurement have been 
subject to identical homogenization so that they have 
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identical fat globule size distribution. However, the 
homogenizers of the systems or instruments are subject to 
mechanical wear, which means that their homogenizing ef- 
ficiency decreases with time, thereby resulting in varia- 
5 tions in the fat globule size distributions and thus to 
less accurate measurements. 

in connection with research where the built-in homogenizer 
of infrared attenuation measuring systems was bypassed, and 
the calibration of the systems was performed with systema- 

10 tic inclusion of samples with different fat globule size 
distributions, it was surprisingly found, based upon sys- 
tematic and thorough investigation, that it is possible to 
obtain information on the fat globule size distribution 
from the infrared attenuation spectrum. It was also found 

15 that suitable calibration and processing of the calibration 
data made it possible to include, in the parameter set 
resulting from the calibration, information enabling the 
calculating means of the systems or instruments to either 
ensure that the calculated concentrations are substantially 

20 independent on the degree of homogenization of the fat- 
containing sample, and/or to determine the degree of homo- 
genization of the sample, the latter determination being 
particularly useful in assessing the efficiency of the 
built-in homogenizer of the systems /instruments. 

25 These findings give rise to a considerable improvement of 
the reliability and working life of the systems, and/ or to 
the possibility of making very simple and cheap systems 
without built-in homogenizer, but still permitting a remar- 
kably high accuracy in the measured results. 

30 in the present context, the term "degree of homogenization" 
is intended to indicate the mean diameter, calculated by 
volume, of the fat globules. It is well known that with 
increasing homogenization efficiency (increasing degree of 
homogenization) , the mean diameter of the fat globules will 

35 decrease, which, on the other hand, means that with decrea- 
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sing homogenization efficiency (decreasing degree of homo- 
genization) , there will be an increase in the mean diameter 
of the fat globules size, which will cause increased light 
scattering and thus decrease the accuracy of the measure- 
5 ments of the known art instruments. In practice, the varia- 
tion around the mean fat globule size will also tend to 
decrease with decreasing mean diameter (increasing degree 
of homogenization) . In the present context, the term "deg- 
ree of homogenization M is used in a broad sense and is thus 

10 also used to characterize the fat globule size of unhomo- 
genized natural samples (which of course have a low degree 
of homogenization) ; the measurement, on samples having a 
low degree of homogenization, corresponding to the samples 
being natural unhomogenized samples, with highly reliable 

15 results is a fascinating possibility opened up by the 
present invention. 

Based on the discoveries of the present invention, it now 
becomes possible not only to determine the degree of homo- 
genization of the samples on which the measurements are 

20 made, the determination being made as part of the normal 
measurement, but also to retain the accuracy which previ- 
ously required a built-in homogenizer of top performance by 
using the information derivable from the spectrum, associa- 
ted with* suitable calibration principles, for automatically 

25 compensating for differences in degree of homogenization. 

The determination of the degree of homogenization can 
suitably be made by defining a value ascribed to a cali- 
bration sample of known fat globule size distribution and 
calculating, in connection with the measurement on a par- 
30 ticular sample, the corresponding value in relation to the 
sample of the known fat globule size distribution. This 
determination can be performed in the presence of varying 
concentrations of the components of the sample, see Example 
21 

35 The compensation resulting in virtual independence of the 
performance of the built-in homogenizer of the system is 
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suitably obtained by using data from calibrations to es- 
tablish parameter sets which, when used in connection with 
the measured attenuations, will result in predicted values 
in which deviations in the degree of homogenization are 
5 compensated for. t 

The parameter set normally contains parameters which are 
related to wavebands containing a high degree of informa- 
tion about the homogenization degree of the sample. This 
may be wavebands containing little information about the 

10 chemical components of the sample, and/or wavebands con- 
taining a substantial amount of information about the 
chemical components of the sample. As explained in the 
following and illustrated in the examples, certain mathe- 
matical methods are extremely useful for establishing, 

15 based on suitable calibration data, a parameter set which 
will be especially suitable for the purpose of the inven- 
tion. 

In one aspect, the present invention relates to an infrared 
attenuation measuring system for the quantitative deter- 

20 mination of the concentration of one or more components in 
an aqueous fat-containing sample by an infrared attenuation 
technique, the system comprising infrared attenuation 
measuring means for measuring the infrared attenuation of 
the sample in a number of wavebands and calculating means 

25 which are adapted to calculate the concentrations of the 
components of the fat-containing sample from the measured 
infrared attenuation values of the sample using a set of 
waveband-related parameters, the parameter set containing 
information enabling the calculating means to ensure that 

30 the calculated concentrations are substantially independent 
on the degree of homogenization of the fat-containing 
sample, and/ or to determine the degree of homogenization of 
the sample. 

In the present context, the term "system" designates any 
35 system capable of performing the measurement and the cal- 
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culation, irrespective of whether the system is integrated 
in one instrument or consists of several units such as a 
measuring unit and a separate calculating unit such as a 
microcomputer . 

5 The parameter set mentioned above contains parameters which 
are related to wavebands containing a high degree of infor- 
mation about the homogenization degree of the sample. 

In the present specification with claims, the term "wave- 
band" is intended to designate a wavenumber range in the 

10 infrared spectrum. The width of a waveband will be selected 
in dependency of the system used, the information in the 
spectrum, etc. One example of a waveband width is the 20 
cm" 1 used in the examples, but waveband widths useful for 
the purpose of the present invention may vary over broad 

15 range, such as up to 100 cm" 1 , depending, i.a., on the 

location in the spectrum, such as whether in the long wave 
or the short wave end of the spectrum. 

The calculating means may, e.g., be a microprocessor cal- 
culating the concentrations using, e.g. a linear combiria- 

20 tion of attenuation values and/or functions of attenuation 
values, the wave band-related parameters being coefficients 
in the linear combination. The. parameters may be stored in 
the system in any suitable storage, such as a hard disc, a 
ROM, a RAM, a PROM, a CD, a chip, a tape, etc. As an inter- 

25 esting contemplated alternative, the calculating means may 
be a neural network defined by the wave band-related para- 
meters. In one embodiment, the results of the linear com- 
bination are further processed in the neural network. 

The wave band-related parameters are not values directly 
30 corresponding to physical or chemical properties, but are 
rather parameters determined empirically and/or statisti- 
cally in the calibration of the system. 
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The parameters are waveband-related, that is, the para- 
meters are used by the calculating means when treating the 
measured attenuation values in the waveband in question, 
and are determined as a result of the calibration of the 
5 system on the basis of values from the waveband in ques- 
tion. 

The parameter set may contain parameters which are related 
to wavebands containing a high degree of information about 
the homogenization degree of the sample. The wavebands 

10 containing a high degree of information about the homo- 
genization degree of the sample comprise wavebands contai- 
ning little information about the chemical components of 
the sample, and/or wavebands containing a substantial 
amount of information about the chemical components of the 

15 sample. In connection with the discussion of Figs. 1 and 2 
below, such types of wavebands containing a high degree of 
information about the degree of homogenization are dis- 
cussed. 

Normally, the parameter set will contain information re- 
20 lated to wavebands over a relatively broad range, inclu- 
ding, e.g. a parameter related to wavebands above 3400 cnT 
1, parameter related to a waveband in the range between 
3400 cm" 1 and 4000 cm" 1 , a parameter related to wavebands 
in the range of 2600-3400 cm -1 , a parameter related to 
25 wavebands in the range of 2700-3100 cm" 1 , a parameter 
related to wavebands in the range of 2000-2600 cm" 1 , a 
parameter related to wavebands in the range of 800-2000 cm" 
1, a parameter related to wavebands in the range of 900- 
1700 cm- 1 , a parameter related to wavebands in the range of 
30 1000-1600 cm' 1 , and/ or a parameter related to wavebands in 
the range of 1600-1800 cm -1 . 

The attenuation values may be determined in wavebands 
defined by optical filters, or they may be determined in 
wavebands defined by stationary grating and movable and/or 
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multiple detectors f or by movable grating and one or seve- 
ral stationary or movable detectors. 

In important embodiments of the system according to the 
invention, the attenuation values are determined over a 
> 5 broad spectrum range using an interferometer, and the data 

obtained from the interferometer are processed using Four- 
ier transformation. An example of such as system is il- 
lustrated in Examples 1 and 2. 

The crucial parameters used according to the invention are 
normally established by calibration of the system with 
aqueous fat-containing samples with different homogeniza- 
tion degrees. The systematic calibration of the system with 
samples with different homogenization degrees is believed 
to be a completely novel concept utilizing the finding that 
in this manner, information latently present in the spec- 
trum can be rendered available for the important establish- 
ment of measurements substantially free from influence from 
the homogenization degree, or for the monitoring of the 
quality of a homogenizer, such as a homogenizer built into 
a measuring system of the present type. 

In an interesting embodiment, an infrared attenuation 
measuring system according to the invention may comprise a 
built-in homogenizer which is by-passable so as to permit 
calibration with pre-prepared aqueous fat-containing samp- 
25 les with different homogenization degrees, or the homogeni- 
zer, alternatively, may be adjustable to deliver different 
levels of homogenization useful for such calibration, 

Normally, however, the calibration according to the inven- 
tion (see below) to establish the system according to the 
30 invention is performed at the factory only once in the 

lifetime of the system, with the possibility of validation 
upon replacement of vital parts of the system. 
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Expressed by means of its capability of predicting exactly 
on samples of different degrees of homogenization, a system 
according to the invention may be characterized as n in- 
frared attenuation measuring system which, when measuring 
5 fat on an unhomogenized raw milk sample containing 2-4% of 
fat and a sample of the same raw milk homogenized to a mean 
fat globule diameter of volume of 1 /*m, respectively, 
measures fat contents which show a relative deviation from 
each other of at the most 4%, preferably at the most 3%, 
10 and more preferably at the most 2%. 

The invention also relates to a method for the establish- 
ment of a system as described above, the method comprising 
subjecting an infrared attenuation measuring system for the 
quantitative determination of the concentration of one or 

15 more components in an aqueous fat-containing sample by an 
infrared attenuation technique, the system comprising 
infrared attenuation measuring means for measuring the 
infrared attenuation of the sample in a number of wavebands 
and calculating means which are adapted to calculate the 

20 concentrations of the components of the fat-containing 

sample from the measured infrared attenuation values of the 
sample using a set of waveband-related parameters, to 
calibration with aqueous fat-containing samples with dif- 
ferent degrees of homogenization to establish a calibration 

25 parameter set containing information enabling the calcula- 
ting means to ensure that the calculated concentrations are 
substantially independent on the degree of homogenization 
of the fat-containing sample, and/or to determine the 
degree of homogenization of the sample. 



30 



The calibration may be performed by measuring, at different 
wavebands including, at least, for each component to be 
measured, a waveband at which the component in question 
influences .the infrared attenuation, and a waveband at 
which the attenuation has a relatively high dependency on 
35 the degree of homogenization, and a relatively low depen- 
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dency on the concentration of the individual components, 
attenuation on either 

1) a set of samples each of which, for each component to be 
measured, contains a known concentration of the component, 

5 at least two of the samples containing fat of different 
degrees of homogenization, or 

2) at least two samples containing the same concentration 
of fat, but of different degrees of homogenization, the 
system having, in advance, being calibrated with respect to 

10 the chemical components to be measured, 

and, on the basis of the resulting data sets, establishing 
a calibration parameter set containing information enabling 
the calculating means to ensure that the calculated con- 
centrations are substantially independent on the degree of 
15 homogenization of the fat-containing sample, and/or to 
determine the degree of homogenization of the sample* 

The establishment of the calibration parameter set is 
advantageously performed using a partial least square 
algorithm, or it may be performed using a principal com- 
20 ponent regression algorithm, such as by a multiple linear 
regression. 

The number of samples used in the calibration normally 
corresponds to at least the number of wavebands, and the 
results of the measurements are normally arranged in a set 

25 of linear equations which are solved by matrix algebra to 
calculate the parameters. In most cases, a larger number of 
samples is used, depending on the number of components to 
be estimated and their respective interaction. The quality 
of the calibration will normally be checked using a test 

30 set which has been kept out of the calibration set to 

ensure the stability of the system with respect to random 
variables. 



WO9306460 [ file;/A\dcwas03\firmdata\lp\FoleyPal\PatentDocuments\WO9306460.c pc1 



Pa g e 12 of 31 



PCT/DK92/00283 

WO 93/06460 

10 

The samples to be measured are often milk samples, and the 
components to be determined are often selected from the 
group consisting of fat, protein, lactose, other carbohy- 
drates, citric acid, urea, free fatty acids, antibiotics, 
5 somatic cells, and casein. In addition to milk samples, 
••milk-like" samples, such as samples prepared from cheese, 
butter, and other milk products are prominent sample types 
which can be measured in the system according to the inven- 
tion. 

10 Brief Description of the Drawings 

Fig. l shows infrared transmission spectra of two milk 
samples A and B, sample A containing approximately 3% fat 
and the fat globules having a mean diameter of volume 
(dvolume) of 0.9 with 1% of the fat globules having a 

15 diameter larger than 2.5 ,*m, and Sample B being the un- 
homogenized equivalent of sample A and the fat globules 
having a mean diameter of volume of 4 pm with 1% of the fat 
having a globule diameter larger than 12 pin. Sample A was 
obtained by homogenizing sample B through a 2-stage ball 

20 valve homogenizer with a total pressure drop of 200 bar, 
the pressure drop of each stage being 100 bar. 

Fig. 2 shows infrared transmission spectra of three aqueous 
fat-containing samples A, B and C. Samples A and B cor- 
respond to samples A and B, respectively, in Fig. 1, and 
25 sample C is sample B following homogenization through a 2- 
stage ball valve homogenizer with a total pressure drop of 
100 bar, the pressure drop of each stage being 50 bar. The 
fat globules of sample C had a mean diameter of volume 

(dvolume) of 1 ' 9 " m with 1% of the fat * lobules havin 9 a 
30 diameter larger than 4 pm. 

Fig. 3 shows a bar diagram as described in Example 2. The 
solid bars are the results of the entire data set obtained 
whereas the open bars are the results from test set models. 
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From Fig. 1 it is seen that the infrared transmission 
spectra of the two samples having different degrees of 
homogenization, one sample having a relatively high degree 
of homogenization and the other being unhomogenized, differ 
5 almost over the whole range of wavenumbers. These findings 
indicate that the contribution of the degree of homogeni- 
zation of an aqueous fat-containing sample may be cal- 
culated over a broad range of wavenumbers. Most important, 
however, is the finding that the main difference in the 

10 transmission spectra is seen for wavenumbers above approxi- 
mately 3700 cm" 1 . Thus-, the largest difference in the 
spectra of the two different sample is obtained by measur- 
ing the infrared transmission at a wavenumber in this 
region giving rise to the assumption that measurement above 

15 3700 cm" 1 followed by proper calculations could establish a 
parameter for use in determining the degree of homogeniza- 
tion. Furthermore, in connection with measurement of infra- 
red transmission of an aqueous fat-containing sample in 
order to determine the concentration of one or more com- 

20 ponents like fat, protein, lactose, citric acid, urea or 
the like in an aqueous fat-containing sample, information 
collected at a wavenumber above 3700 cm" 1 seems to be 
useful in order to establish a parameter for use in deter- 
mination of the concentration of one or more components in 

25 the sample taken the degree of homogenization of the sample 
into account. 

In Fig. 2 is shown infrared transmission spectra from three 
sample having different degrees of homogenization as de- 
scribed above. Like in Fig. 1, the influence of the degree 

30 of homogenization is most evident for measurements per- 
formed at wavenumbers above about 3700 cm" 1 and the curve 
relating to sample C is found to be placed between the 
curves of the two other samples, thus, indicating that a 
relationship between measurements at such wavenumbers and 

35 the degree of homogenization is present. 
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With regard to detailed description of Fig. 3, reference is 
made to the description in Example 2 below. 

The invention is further illustrated by the following non- 
limiting examples. 

5 EXAMPLE 1 

r a iihr a hion Of an infrar e d A-htenuation Measuring System 
nginti A sample sat with t»o nifferent Decrrees of Homogeniz- 
a -n» n and A sampl e ggfc with One Degree Of Homogenization 

n^T-mi nation of individual Component ronr.pntrations On 
10 sam ples O f The Sample Sets 

The sample material was prepared from a starting sample 
collection consisting of 40 raw milk samples, 10 of which 
were herd samples (i.e. mixtures of the milk from an entire 
cow herd) and the rest were obtained from individual cows, 
15 the purpose being to provide a sufficient variation in the 
contents of the major milk components (fat, protein, lac- 
tose) . 

Portions of each of the 40 samples were analyzed by re- 
ference methods for the determination of fat, protein and 
20 lactose, the methods being Rose-Gottlieb, Kjeldahl, and 
Luff-Schoorl, respectively. 

Three portions of each sample were homogenised, one at 100 
bar, the other two at 200 bar, in a two-stage ball valve 
homogenizer, the individual pressure drops in each homo- 

25 genizer being 50 plus 50 bar, and 100 plus 100 bar, respec- 
tively. The pump used to run the homogenizer was a Foss 
Electric standard rotary-piston high pressure pump. The 
homogenized sample portions constituted the sample sets 
for calibration as follows: One sample set (A), for the 

30 calibration according to the invention, consisted of 40 

portions homogenized at 100 bar and 40 portions homogenized 
at 200 bar. The other sample set (B) , for a reference 
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calibration, consisted of 40 portions homogenized at 200 
bar. 

In order to characterize the two homogenizers, a single 
sample from the original collection of unhomogenized samp- 
les, as well as the corresponding samples homogenized at 
100 and 200 bar, respectively, were subjected to fat glo- 
bule size distribution analysis. The unhomogenized sample 
had a mean diameter of volume (d^i^e) of 4 tiyi with 1% of 
the fat having a globule diameter larger than 12 pm. The 
sample homogenized at 100 bar had a d volume of 1.9 /*m with 
1% of the fat globules having a diameter larger than 4 pm, 
whereas the sample homogenized at 200 bar had a d vo i ime of 
0.9 /im with 1% of the fat globules having a diameter larger 
than 2.5 pm • 

In the measuring compartment of a Perkin-Elmer 1710 Fourier 
Transform Infra-red spectrophotometer controlled by a IBM- 
PC^compatible personal computer running a Perkin-Elmer IR- 
DataManager software, two identical interchangeable (sample 
shuttle) cuvettes with calcium fluoride windows and a light, 
path of 37 /iin were inserted, one of which was filled with 
deionised water, and the- other being filled with the rele- 
vant milk sample. The sample cuvette was connected directly 
to the above described homogenizer and pump system. Each 
cuvette was further thermostated at 40° C. 

25 Calibration according to the invention; 

The 2x40 samples (A), homogenized at 100 and 200 bar, re- 
spectively, were injected into the sample cuvette, and a 
full range spectrum (4000-900 cm" 1 ) was recorded, the 
resolution selected being 2 cm" 1 giving a total of 3101 
30 data points. The spectra were collected in digitized form 
for later numerical analysis. 24 hours after the recordal 
of the first 80 spectra, another series of spectra of the 
40 (A) samples homogenised at 200 bar were recorded. Thus, 
the total number of digitized spectra were 120. 
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in order to reduce the amount of data to be analyzed, 12 
absorbance values defined as the mean absorbance in a 
20 cm" 1 window centred around the following wave numbers 
were calculated from each of the digitized spectra: 3800, 
5 2925, 1583, 1543, 1478, 1460, 1391, 1283, 1213, 1165, 1155, 
and 1034 cm -1 . 

The resulting 120 sets of twelve absorbance values and the 
corresponding standard analysis results for the 40 samples 
were subjected to Partial Least Square analysis (as de- 
10 scribed, e.g., in "Multivariate Calibration" by Harald 

Martens and Tormod Nss, John Wiley & Sons, London, 1989, pp 
116-125) , thereby calibrating the system resulting in a set 
of regression equations characteristic to the calibrated 
system. 

15 The set of regression equations for each component (fat, 
protein, lactose) consisted of a set of terms comprising a 
regression coefficient (B-coeff icient) and the correspon- 
ding absorbance value at each of the 12 spectral windows 
listed above and a constant term. In the table below, the 

20 regression coefficients and constant terms are listed. 
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Spectral B-coef f icient 





Window 


Fat . 


Protein 


Lactose 




3800 


cm" 1 


3 • 3046 


. 1886 


-.5000 




2925 


can" 1 


10.9571 


2.0270 


.6475 




1583 


cm* 1 


-2 . 1820 


1.7892 


-14 .5792 




1543 


cm" 1 


-1.-7250 


16.9867 


-4.9432 




1478 


cm" 1 


-1. 2840 


-1. 1404 


6.2963 




1460 


cm" 1 


. 6523 


4.2474 


7.2961 




1391 


cm" 1 


-.8554 


-12.2288 


26.6697 


10 


1283 


cm" 1 


— . J loo 


X • OO dL H 






1213 


cm" 1 


.0854 


2.7227 


5.2450 




1165 


cm" 1 


2.4827 


-.2974 


-20.3297 




1155 


cm" 1 


2.0327 


1.1259 


9.6517 




1034 


cm" 1 


-2.4676 


1.1120 


7.5539 


15 














Constant 


-.7444 


.5296 


.7499 



In this calibration, the standard analysis results were 
determined (predicted) using all 120 sets of absorbance 
values. The result was that the number of factors suggested 
20 by cross validation was 4 for the estimation of fat f 6 for 
the estimation of protein, and 7 for the estimation of 
lactose. • 

Determination quality f predictability) of the system ac- 
cording to the invention: The standard errors of prediction 
25 resulting from the above calibration were 1.4% of mean 
value for fat, 1.1% for protein, and 2.2% for lactose. 

Reference calibration: The same procedure as explained 
above was repeated using the sample set (B) homogenized at 
200 bar. The result was that the number of factors sug- 
30 gested by cross validation was 2 for the estimation of 

fat, 5 for the estimation of protein, and 6 for the estima- 
tion of lactose. 



Reference determination: The standard errors of prediction 
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resulting from the reference calibration were 1.5% of mean 

value for fat, 1.1% for protein, and 2.2% for lactose. 



conclusion 

The above results demonstrate that it was possible to 
5 obtain the same low error of prediction when predicting, in 
the system according to the invention (calibrated by the 
method according to the invention) samples of different 
degree of homogenization as when predicting samples of 
identical degree of homogenization in the system which was 

10 not calibrated with systematic use of samples of different 
degree of homogenization. The only difference was that the 
prediction model for the system according to the invention 
was of a higher complexity as illustrated by the higher 
number of factors needed compared with the data set repre- 

15 senting samples of identical degree of homogenization. 

The stability of the system according to the invention was 
demonstrated by subdividing the all the samples ((A) and 
(B) together) into 4 groups at random and then in turn 
establishing a calibration model based on the data from 

20 three of the sample groups and using the fourth group as a 
test group calculating the standard error of prediction. In 
each of the four such possible stability tests, the stan- 
dard errors of prediction obtained did not differ signifi- 
cantly from those obtained in the first and second predic- 

25 tive models described above. This shows that the system 
according to the invention is stable. 

EXAMPLE 2 

The same absorbance value data obtained in Example 1 was 
analyzed with regard to the ability of the data from the 
30 individual spectral windows to predict whether the indivi- 
dual sample had been homogenized at 100 or at 200 bar. This 
was done by assigning to each sample an arbitrary homogeni- 
zation index (0 for 200 bar and 1 for 100 bar) and subjec- 
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ting the absorbance values and homogenization indexes to 
Partial Least Square Analysis. 

The model was able to assign all samples correctly. The 
resulting B-coef f icients using 3 factors as suggested from 
5 cross validation are shown on Figure 3. The solid bars are 
the results of the entire set of data whereas the open bars 
are the results from test set models calculated in the same 
manner as in Example 1, i.e. by generating a model using 
three quarters of the data and testing the model on the 
10 remaining quarter of the data. The results on Figure 3 
firstly show that the model was stable in that the open 
bars are of the same size and, secondly , that the major 
response to variations in homogenization efficiency is 
found in the spectral window at around 3800 cm" 1 . 

15 These results show that it is possible to establish, based 
upon information about degree of homogenization alone, a 
system according to the invention which is able to predict 
a parameter related to the degree of homogenization in 
samples containing varying amounts of milk components. This 

20 system is useful for monitoring the efficiency of a homo- 
genizer built into an instrument or system for infrared 
attenuation measurement on aqueous fat- containing samples. . 
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CLAIMS 

1. An infrared attenuation measuring system for the quan- 
titative determination of the concentration of one or more 
components in an aqueous fat-containing sample by an infra- 

5 red attenuation technique, the system comprising infrared 
attenuation measuring means for measuring the infrared 
attenuation of the sample in a number of wavebands and 
calculating means which are adapted to calculate the con- 
centrations of the components of the fat-containing sample 

10 from the measured infrared attenuation values of the sample 
using a set of waveband-related parameters, the parameter 
set containing information enabling the calculating means 
to ensure that the calculated concentrations are substan- 
tially independent on the degree of homogenization of the 

15 fat-containing sample, and/or to determine the degree of 
homogenization of the sample. 

2. An infrared attenuation measuring system according to 
claim 1 in which the parameter set contains parameters 
which are related to wavebands containing a high degree of 

20 information about the homogenization degree of the sample. 

3. An infrared attenuation measuring system according to 
claim 2 wherein the wavebands containing a high degree of 
information about the homogenization degree of the sample 
comprise wavebands containing little information about the 

25 chemical components of the sample, and/or wavebands con- 
taining a substantial amount of information about the 
chemical components of the sample. 

4. An infrared attenuation measuring system according to ^ 
any of the preceding claims in which the parameter set 

30 contains a parameter related to wavebands above 3400 cm" 1 . 

5. An infrared attenuation measuring system according to 
claim 4 wherein the parameter related to wavebands above 
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3400 cm" 1 is a parameter related to a waveband in the range 
between 3400 cm" 1 and 4000 cm" 1 , 

6. An infrared attenuation measuring system according to 
any of claims 1-3 in which the parameter set contains a 

5 parameter related to wavebands in the range of 2600-3400 
cm" 1 . 

7. An infrared attenuation measuring system according to 
claim 6 in which the parameter set contains a parameter 
related to wavebands in the range of 2700-3100 cm" 1 . 

10 8. An infrared attenuation measuring system according to 
any of claims 1-3 in which the parameter set contains a 
parameter related to wavebands in the range of 2000-2600 
cm" 1 . 

9. An infrared attenuation measuring system according to 
15 any of claims 1-3 in which the parameter set contains a 

parameter related to wavebands in the range of 800-2000 
cm" 1 . 

10. An infrared attenuation measuring system according to 
claim 9 in which the parameter set contains a parameter 

20 related to wavebands in the range of 900-1700 cm" 1 . 

11. An infrared attenuation measuring system according to 
claim 9 in which the parameter set contains a parameter 
related to wavebands in the range of 1000-1600 cm" 1 . . 

12. An infrared attenuation measuring system according to 
25 claim 9 in which the parameter set contains a parameter 

related to wavebands in the range of 1600-1800 cm" 1 . 

13. An infrared attenuation measuring system according to 
any of the preceding claims wherein the calculating means 
is a microprocessor calculating the concentrations using a 

30 linear combination of attenuation values and/ or functions 
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of attenuation values, the parameters being coefficients in 
the linear combination. 

14. a system according to any of claims 1-12 wherein the 
calculating means is a neural network defined by the para- 

5 meters. 

15. An infrared attenuation measuring system according to 
claims 13, wherein the results of the linear combination 
are further processed in the neural network. 

16. An infrared attenuation measuring system according to 
10 any of the preceding claims wherein the attenuation values 

are determined in wavebands defined by optical filters. 

17. An infrared attenuation measuring system according to 
any of claims 1-15 wherein the attenuation values are 
determined in wavebands defined by stationary grating and 

15 movable and/or multiple detectors, or by movable grating 
and one or several stationary or movable detectors. 

18. An infrared attenuation measuring system according to 
any of claims 1-15 wherein the attenuation values are 
determined over a broad spectrum range using ah interf ero- 

20 meter and the data obtained from the interferometer are 
processed using Fourier transformation. 

19. An infrared attenuation measuring system according to 
any of the preceding claims wherein the parameters have 
been established by calibration of the system with aqueous 

25 fat-containing samples with different homogenization de- 
grees. 

20. An infrared attenuation measuring system according to 
any of the preceding claims and comprising a built-in 
homogenizer, the built-in homogenizer being by-passable so 

30 as to permit calibration with pre-prepared aqueous fat- 
containing samples with different homogenization degrees, 
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or the homogenizer, alternatively, being adjustable to 
deliver different levels of homogenization. 

21. An infrared attenuation measuring system according to 
any of the preceding claims which, when measuring fat on an 
5 unhomogenized raw milk sample containing 2-4% of fat and a 
sample of the same raw milk homogenized to $ mean fat 
globule diameter of volume of 1 /*m, respectively, measures 
fat contents which show a relative deviation from each 
other of at the most 4% . 

10 22. An infrared attenuation measuring system according to 
any of the preceding claims which, when measuring fat on an 
unhomogenized raw milk sample containing 2-4% of fat and a 
sample of the same raw milk homogenized to a mean fat 
globule diameter of volume of 1 pm, respectively, measures 

15 fat contents which show a relative deviation from each 
other of at the most 3%. 

23. An infrared attenuation measuring system according to 
any of the preceding claims which, when measuring fat on an 
unhomogenized raw milk sample and a sample of the same raw 

20 milk homogenized to a mean fat globule diameter of volume 
of 1 pm, respectively, measures fat contents which show a 
relative deviation from each other of at the most 2%. 

24. A method for the establishment of a system according 
to any of the preceding claims, comprising subjecting an 
infrared attenuation measuring system for the quantitative 
determination of the concentration of one or more compo- 
nents in an aqueous fat-containing sample by an infrared 
attenuation technique, the system comprising infrared 
attenuation measuring means for measuring the infrared 
attenuation of the sample in a number of wavebands and 
calculating means which are adapted to calculate the con- 
centrations of the components of the fat-containing sample 
from the measured infrared attenuation values of the sample 
using a set of waveband-related parameters, to calibration 



25 



30 
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10 



with aqueous fat-containing samples with different degrees 
of homogenization to establish a calibration parameter set 
containing information enabling the calculating means to 
ensure that the calculated concentrations are substantially 
independent on the degree of homogenization of the fat- 
containing sample, and/or to determine the degree of homo- 
genization of the sample. 

25. A method according to claim 24, wherein the 
calibration is performed by measuring, at different wave- 
bands including, at least, for each component to be measu- 
red, a waveband at which the component in question influen- 
ces the infrared attenuation, and a waveband at which the 
attenuation has a relatively high dependency on the degree 
of homogenization, and a relatively low dependency on the 

15 concentration of the individual components, attenuation on 
either 

1) a set of samples each of which, for each component to be 
measured, contains a known concentration of the component, 
at least two of the samples containing fat of different 

20 degrees of homogenization, or 

2) at least two samples containing the same concentration 
of fat, but of different degrees of homogenization, the 
system having, in advance, being calibrated with respect to 
the chemical components to be measured, 

25 and, on the basis of the resulting data sets, establishing 
a calibration parameter set containing information enabling 
the calculating means to ensure that the calculated con- 
centrations are substantially independent on the degree of 
homogenization of the fat-containing sample, and/ or to 

30 determine the degree of homogenization of the sample. 

26. A method according to claim 24 or 25 wherein the es- 
tablishment of the calibration parameter set is performed 
using a partial least square algorithm. 
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27. A method according to claim 24 or 25 wherein the es- 
tablishment of the calibration parameter set is performed 
using a principal component regression algorithm. 

28. A method according to claim 26 wherein the establish- 
5 ment of the partial least square algorithm is a multiple 

linear regression. 

29. A method according to claim 24 or 25 wherein the number 
of samples corresponds to the number of wavebands, and the 
results of the measurements are arranged in a set of linear 

10 equations which are solved by matrix algebra to calculate 
the parameters. 

30. A method according to any of claims 24-29, wherein the 
samples to be measured are milk samples, and the components 
to be determined are selected from the group consisting of 

15 fat, protein, lactose, other carbohydrates, citric acid, 

urea, free fatty acids, antibiotics, somatic cells, and casein. 
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